Two motor-cognitive interventions were implemented to evaluate their efficacy in cognitive improvement in Mexican older adults 65 years and more. The intervention group received a dance video games plus a cognitive task (dual-task); the comparison group received only the dance video game, in sessions of 45 minutes, 3 times a week, for 12 weeks. The Barthel Index and Lawton and Brody Index, the Center for Epidemiologic Studies Depression Scale-Revised were applied the Digit Span Test, the Stroop Test, and Color Trail Making. Gait parameters were assessed by GAITRite® electronic walkway (CIR Systems). The design was quasi-experimental. Sites were randomly assigned to intervention groups. The intervention group started with 32 participants and finished with 15; the comparison group started with 20 participants and finished with 18. Participants in the intervention group had to mimic the dance movement of a video game and, after the second week to name progressively three objects without stopping dancing. A multivariate repeated measures model (MANO-VA) was fit with four variables. A time-by-group interaction was observed in the Stroop test, and Digits Span Backwards was in favor of the dual task group. The Stroop test, Digit Span Backwards, gait speed, and step length showed effect time. Both groups improved in gait speed and step length by the end of the intervention. Results show it is feasible for Mexican older adults with little schooling to perform dual tasks and improve cognitive tasks and gait speed. Limitations were high attrition due to unforeseen situations and small sample size.
Introduction
According to the Encuesta Nacional de Salud y Nutricion [National Survey on Health and Nutrition] [1], the cognitive decline that occurs as age increases affects 7.3% of Mexican older adults: 6.3% of men and 8.3% of women. Cognitive decline affects social communication skills and the ability to fend for oneself [2] .
Cognitive decline that affects quality of life of older adults and their families is directly associated to functional decline, which implies greater use of health services related to fractures, related to falls, and other adverse effects. Therefore, the research interest in improving the cognitive capacity in older adults has led to development of training programs focused on increasing their cognitive capacity; such programs have been found to be very useful for improving their quality of life also [3] .
According to Gates and Valenzuela [4] , several studies have focused on improving the cognitive abilities in older adults, concentrating on different types of interventions: motor, memory or reasoning, and dual-task interventions. Video games have been used in motor-cognitive interventions in older adults because of their low cost, ease of use, and portability [5] - [8] . However, the majority of interventions with exercises and video games have used the dual task for measuring gait as an outcome, but not as a component of the intervention.
The video game is a device that involves motor-cognitive activity, possessing the potential to help improve cognition and motor coordination in older adults. A dance video game (Nintendo Wii™) requires older adults to observe the movements of a dancer on the television screen and to simultaneously mimic the dancer implying well-coordinated movements, involving divided attention [6] . Although some studies have focused on improving balance in people with Parkinson's or in people with attention deficits [9] , few studies have addressed cognitive improvement. Therefore, there are knowledge gaps with respect to the effect of interventions using video games plus dual tasks on improving cognitive abilities in older adults. The aim of the study was to test a cognitive-motor intervention with an additional cognitive task (dual-task) versus a simple motor-cognitive intervention on the cognition of older adults.
Material and Methods
A quasi-experimental study was conducted with an intervention group and a comparison group. The intervention group received a cognitive-motor intervention with a simultaneous cognitive activity (dual-task) for 45 minutes, three times a week, for 12 weeks; the comparison group received only a cognitive-motor intervention during the same period of time. Three measurements were performed on both groups: before starting the intervention, at the end of the sixth week, and at the end of the intervention at 12 week.
older adults of the Desarrollo Integral para la Familia (DIF) [Comprehensive Development for the Family] of Monterrey, Nuevo Leon. Selection of participants was done through invitation non probabilistic; however, the assignment of the clubhouse to the intervention or comparison group was random.
Older adults who met the following criteria: oriented on time, space, and person; who had not participated in physical exercise programs within the last three months;
and who planned to remain in the city for the next 12 weeks were admitted to the intervention groups. Additionally, if they were capable of walking without assistance (direct observation), and capable of distinguishing the movements on the screen (verified with each participant, with the movement of the participants coinciding with the dancer presented on the TV monitor), capable of hearing the interviewer's voice, and free of medical contraindications to performing exercise according to the Physical Activity Readiness Questionnaire (PAR-Q). Participant who did not meet all these criteria were excluded. Exclusion criteria were capillary blood glucose > 250 mg and blood pressure > 140/90 mm Hg.
Approval from the ethics committee of the School of Nursing of the Universidad Autoónoma de Nuevo León was obtained. All participants who met inclusion criteria and accepted to enter the study signed informed consent.
The intervention group and the comparison group began with 32 and 20 participants, respectively.
Data Collection Procedure and Measurements
All measurements were made at time 0 or baseline, at the end of week 6, and at week 12 after the intervention. Data were recorded for age, sex, years of schooling, marital status, occupation, weight, height, and presence of diseases such as diabetes, hypertension, and/or cardiac disease. The third color-word test (Stroop-PC) also contains the words "red", "green", and "blue", printed in a color different from that corresponding to the written word. But now the participant must name the color of the ink with which the word is printed, ignoring the word. The number of correct answers, in 45 seconds, was registered for each participant.
The Digits Span test consists of two parts, one in progressive order and the other in reverse order [11] . It measures how much information a person can manage at once.
The digits test in progressive order starts with a set of three digits and progresses up to a set of nine digits. The interviewer says the first set of three digits, one per second, and asks the participant to repeat them. For each set said correctly, one more digit is added.
The number of digits repeated correctly is recorded. A score of 6 or more is within normal limits; 5 is marginal to normal limits; 4 is borderline; and 3 is defective. The higher the score is, the higher the attention capacity.
In the digits span backwards test, as previously, the series of digits is stated, but the participant must say them in reverse order; the last digit mentioned by the research assistant should be the first named by the participant, and so on. The number of digits repeated correctly in reverse order is recorded. A score of 4 to 5 is within normal limits; Gait speed cm/s, step length cm, step width cm, single and double support time s were measured using the GaitRite system, (mat of 5.50 m × 0.90 m with electronic sensors. Temporal and spatial gait parameters are registered and stored in software while participant walks on the mat. Values are exported to Excel and then to SPSS.
Equipment
Seven 32-inch televisions were used to facilitate older adults' visibility of the Nintendo Wii™ application. The video game "Just Dance" involves following the steps that a dancer makes on the screen; based on how each participant has performed, he or she is evaluated as PERFECT, GOOD, OK, or X. The equipment consists of an interactive video game that uses a wireless remote control distant from the television that detects movement and orientation in three dimensions by using accelerometers and a bar of sensors. Depending on the game that is being played back, the participants simulate movement similar to real-world activities.
Prior to the demonstration of the video game, the trained research assistant performed a practical example of movements, stating that they should be imitated. Each participant was introduced individually, and an equipment training session on how to use the Wii™ remote, how to navigate the menus, and how to play the game was provided. In the initial sessions, the research assistant helped them with the command to reset or change the dance.
Once the intervention group had mastered the video game and its implications, the simultaneous dual task was added. For the dual task, they were asked randomly to mention three nouns (object, animal, color, cities, among others) while imitating the movements that appeared on the monitor. A research assistant recorded whether the requested nouns were answered and the video game system registered if the participant continued imitating the movements correctly. As the weeks passed by, the number of questions increased. After the first two weeks of adaptation, five questions were asked.
On the first day of the third week, a series of five questions was asked; on the second day, a series of sis questions was asked, and on the third day, a series of seven questions was asked, during 30 minutes of the intervention. From week 4 to the end, a series of 10 questions were maintained.
All participants were closely observed for signs of dizziness, fatigue and were asked to report their effort level (Borg scale) in the middle of each session. They were advised to sit down and rest for 2 minutes. No contingency was presented.
Minimization of Threats
To avoid influencing expected outcomes, the principal investigator (PI) did not participate in the measurements or in the intervention; but PI supervised the interventions.
Research assistants received a training manual, and their roles were discussed with them. They were all tested, on both the application of the instruments and the intervention, until adherence to the manual and uniformity among the assistants was assured.
For this purpose, the following checklist was developed: indications, application, and comments. To maintain the fidelity of the intervention, the principal investigator interviewed the participants randomly.
Data Analysis
The data was analyzed using the SPSS statistical package. Descriptive statistics was obtained to describe characteristics of participants and outcome variables. KolmogorovSmironov test with Lilliefors correction was used to test distribution normality of all variables. U Mann-Whitney test was use for baseline differences between the groups because variables did not show normal distribution. Multivariate repeated measures MANOVA were used to analyze intervention effects.
Results
Sixty-three participants were interviewed, of which nine did not meet the inclusion criteria. In the PAR-Q, they stated that the physician had advised them not to exercise because of cardiac problems. Two participants refused to enter the study. The intervention group and comparison group began with 32 and 20 participants, respectively. Of the intervention group, 17 participants abandoned the study from the second week to the sixth week. Some reasons were: unexpected trips, dislike, sicknesses, among others (Figure 1) . Participants who drop out were not different on sociodemographic characteristics or measures.
The age and schooling of the participants by group was similar. A higher proportion of participants indicated suffering from hypertension than from diabetes mellitus type 2 only. Table 1 shows the sociodemographic data of the participants by group. With re- spect to basic and instrumental activities of daily living, all older adults, except for one woman were independent in all activities, thus they were not measured after the intervention. This woman said she needed some assistance going up and down stairs and when shopping. Therefore, these data are not provided.
The Mann-Whitney U tests were not significant, and thus, the groups were homogeneous in baseline measurements. with baseline severe depression qualified as moderate; the rest remained without depression. In both groups, a decrease was observed in the total score of the CESD-R scale compared to baseline measurement. These data are not presented. Table 3 shows the depressive symptoms scores observed on the CESD-R. Table 4 shows the descriptive data for the gait parameters.
A multivariate repeated measures model (MANOVA) was fit with two of the cognitive tests and two gait parameters: Stroop PC, digits span backwards, gait speed (cm/ second), and step length (cm) ( Table 5) . Table 6 shows the univariate contrasts of Stroop PC, digits span backwards, gait speed, and step length. A time-by-group interaction was observed for Stroop PC and for digits in reverse order (Figure 2 ). The effect of time in the four variables was observed; the intervention group improved significantly in all four, although gait speed improved in both groups by the end of the intervention (Figure 3 ).
Discussion
Both groups received motor-cognitive intervention, but the intervention group received an additional simultaneous progressive cognitive task. The learning principles of the Schema Theory [12] that guided this intervention were confirmed. According to Schema Theory [12] , learning to perform the same movements as the dancer that appears on the TV screen corresponds to motor learning, which intervenes in the memory that produces the movement and the memory that evaluates its correction. When learning movements, the individual compares the movement produced with its feedback and the correction reference. The recall moves the limbs explosively, stopping the person when The Stroop test involves the ability to adapt to changing demands and to suppress a habitual response in favor of a less common response [13] . Both the stroop test and the dual task involve concentration on a cognitive task to generate the correct answer. The number of digits recalled in reverse order suggested improvement in working memory and attention by the end of the intervention. This task involves retaining the information and processing it to manipulate it in reverse order [13] , which is known as working memory and also implies attention as in the dual task. The attention capacity in older adults is required in virtually any everyday task; however, studies are needed to further explore whether the improvements obtained on cognitive tests translate into practical results.
The results confirm the findings of interventions with dance video games in older adults. For example, in de Bruin, Reith, Dörflinger, and Murer [14] and Pichierri, Murer and de Bruin [6] , gait speed increased. Studenski et al. [8] also reported a significant improvement in cognitive performance, even on a different cognitive test (symbol digit substitution). Similar to this study, Theill, Schumacher, Adelsberger, Martin, & Jäncke [15] , reported increases in pairs association and less variability of steps; that is, they obtained significant results on a memory task and a gait parameter. These authors implemented an intervention that simultaneously involved working memory performance and cardiovascular training in elderly adults. Fail to show improvements in the only video dance group might be explained to low years of school, and in Theill et al. [15] participants had higher means (13 years) of school.
Various studies show effects on different cognitive tests after exercise interventions [16] - [18] , however, in this study, no significant differences were observed in the cognitive performance tests of the participants in the cognitive-motor intervention (dance).
One difference with those studies is that they included memory tasks as part of the dual task measurement outcome; furthermore, in You et al. [17] , the duration was six months. Maillot, Perrot, and Hartley [9] showed that intervention (motor-cognitive) with video games produced cognitive improvement. This study demonstrated the feasibility of a dual task using a dance video game and a cognitive task in older Mexican adults with little schooling. The results of this study suggest that the dance video game, considered a motor-cognitive intervention, is not sufficient for improving cognitive tests that required high attention and concentration which is also involve in a dual-task.
Some limitations of the study were the high attrition in the intervention group and the small sample size. The participants were not randomized, and thus, the results cannot be generalized. It is necessary to replicate the study-foreseeing no dropouts, increasing the sample size, and employing strategies for including more men (because older adult men either continue working or do not usually attend clubhouses for older adults).
